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摘要 
近年来，延长治疗性抗体半衰期已成为抗体工程改造的重点。抗体半衰期的
延长不仅可以提高药效,减少给药频率,而且可以降低治疗费用。利用 Fc 基因改造
以提高抗体和人新生儿 Fc 受体（hFcRn）亲和力的方法已被广泛应用于延长抗
体的半衰期。然而，同一 Fc 的有效突变改造对于不同抗体，半衰期的延长效果
会有差异。本研究拟通过对不同已报道的 Fc有效突变的筛选，获得能够延长HBV
治疗性人源化抗体 huE6F6 体内半衰期的 Fc 改造抗体。主要研究内容包括以下
三部分： 
第一，Fc 改造抗体的表达与性质分析。本研究选用三种已报道能够提高抗
体半衰期的 Fc突变组合，分别构建并表达了 huE6F6-YTE（M252Y/S254T/T256E）、
huE6F6-QL（T250Q/M428L）和 huE6F6-LS（M428L/M434S）改造抗体。通过
DSC 测定热稳定性发现，改造抗体与野生型抗体的 Tm1 值在 60℃以上，Tm2 值
保持同一水平，在 81℃～82℃之间，表明改造抗体构象基本稳定。改造抗体的
HBsAg 结合活性检测表明 Fc 区域的点突变并不影响抗体原有的抗原特异性。初
步比较了这三株改造抗体与 hFcRn 受体分子的 pH 依赖结合活性，其中
huE6F6-YTE 在 pH 6.0 的条件下提高了约 60 倍，同时能够保持 pH 依赖性；而
另外两个改造抗体的结合活性提高倍数在 10 倍以内，pH 依赖性并不明显。 
第二，基于细胞的改造抗体与 FcRn 结合活性检测。通过构建稳定表达
EGFP-hFcRn 的 MDCK 细胞株，采用 pH 6.0 条件下与人 IgG 竞争结合细胞上
hFcRn 受体的方式比较了各个改造抗体的结合效果，发现 huE6F6-YTE 改造抗体
结合能力最强。由此确定以 huE6F6-YTE 作为后续动物体内半衰期效果评估的候
选分子。 
第三，评估 huE6F6-YTE 在实验动物体内的半衰期以及抗原清除效果。结果
显示，huE6F6-YTE 在 hFcRn 转基因小鼠和食蟹猴体内的半衰期分别为野生型的
1.5 倍和 2.5 倍。huE6F6-YTE 在 HBV 转基因小鼠体内的抗原清除程度不及野生
型抗体，但是持续时间较长，达到 4 天左右。在食蟹猴体内 HBsAg 清除效果测
试中，huE6F6-YTE 注射组食蟹猴体内的抗原半衰期是 huE6F6-WT 注射组的 4
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倍，而 huE6F6-YTE 的抗体半衰期为 huE6F6-WT 的 1.5 倍。 
总之，本研究通过 Fc 改造成功获得半衰期显著改善的 HBV 治疗性抗体，
对治疗慢性乙型肝炎的临床前研究具有重要意义。 
 
关键词：HBV；治疗性抗体；Fc 改造；新生儿 Fc 受体；半衰期 
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Abstract 
In recent years, the extension of the therapeutic antibody half-life has become the 
focus of antibody engineering. It can not only improve the efficacy of antibody, but 
also reduce delivery frequency and the cost of treatment. Genetical modification of Fc 
to improve the affinity for human neonatal Fc receptor (hFcRn) has been widely used 
in extending antibody half-life. However, for the same Fc mutation, the effect of 
half-life improvement varies from different antibodies. In this study, we try to obtain 
the Fc modified variant which can prolong the half-life of an anti-HBV therapeutic 
humanized antibody, huE6F6, by screening different Fc mutations which have been 
reported to be effective. The main contents include the following three parts: 
Firstly, the expression and characterization of Fc engineered antibodies. In this 
study, three Fc mutants known to improve half-life of antibody were selected, and the 
variants including huE6F6-YTE (M252Y/S254T/T256E), huE6F6-QL 
(T250Q/M428L) and huE6F6-LS (M428L/M434S) were constructed and expressed. 
From the results of he thermal stability decteted by DSC, we found that the Tm1 value 
of all antibodies was higher than 60˚C, and the Tm2 value was maintained at the same 
level in the range of 81˚C~82˚C, which indicated that the conformation of the 
engineered antibodies were stable. The HBsAg binding activity of the engineeried 
antibodies showed that the point mutations in the Fc region did not affect the antigen 
specificity. Among the hFcRn binding activity of these three engineered antibodies, 
huE6F6-YTE showed about 60 times increase compared with huE6F6-WT at pH 
6.0,and maintained the pH dependency. While the binding activity of the other two 
antibodies increased in less than 10 times, and the pH dependency is not obvious. 
Secondly, cell-based hFcRn binding activity of engineered antibodies. Through 
the construction of MDCK cell line stably expressing EGFP-hFcRn, competitive 
binding of engineered antibodies and human IgG to hFcRn at pH 6.0 were tested, we 
found that the binding ability of huE6F6-YTE was the strongest. Thus, huE6F6-YTE 
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was selected as the candidate molecule for the evaluation of in vivo half-life. 
Thirdly, the in vivo half-life and antigen clearance of huE6F6-YTE were detected. 
The results showed that the serum half-life of huE6F6-YTE in FcRn transgenic mice 
and cynomolgus monkeys was 1.5 times and 2.5 times of the wild type, respectively. 
In the HBV transgenic mice, the maximum clearance of huE6F6-YTE injection group 
was less than that of huE6F6-WT, but the duration of huE6F6-YTE was longer and 
lasted about 4 days. In the HBsAg clearance test of cynomolgus monkeys, the 
half-life of antigen in the huE6F6-YTE injection group was 4 times higher than that of 
the huE6F6-WT injection group, and the antibody half-life of huE6F6-YTE was about 
1.5 times of huE6F6-WT. 
In conclusion, we successfully improved the half-life of HBV therapeutic 
antibody by Fc engineering, which is of great significance for the preclinical study of 
chronic hepatitis B. 
Key words: HBV; Therapeutic antibody; Fc engineering; FcRn; Half-life
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